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C DAVID SJÖSTRÖM: EFFECTS OF SURGICALLY INDUCED WEIGHT LOSS ON CARDIOVASCULAR RISK FACTORS 

ABSTRACT 

Aims: To investigate the effects of large maintained weight losses on body composition, 

adipose tissue distribution and cardiovascular risk factors, i.e. systolic blood pressure, 

diastolic blood pressure, glucose, insulin, triglycerides, cholesterol, HDL-cholesterol 

and uric acid. 

Methods: Swedish Obese Subjects (SOS) is an ongoing prospective intervention study 

of obesity. The intervention consists of three types of bariatric surgery. The matched 

control group receives conventional anti-obesity treatment at 480 primary health care 

centres. Inclusion criteria for the intervention study are age 37 to 60 years, BMI >34 

kg/m2 for men and >38 kg/m2 for women. Ultimately, the two treatment groups will 

contain 2000 individuals each and the follow-up will be at least 10 years. The use of 

anthropometric equations, calibrated by means of a multicompartment CT technique, 

made it possible to estimate lean body mass (LBM), subcutaneous (SAT) and visceral 

adipose tissue (VAT) masses from weight, height and the sagittal diameter with errors 

less than 22%. 

Results: Two risk patterns were identified. One body composition - risk factor pattern, 

in which the VAT and SAT masses were positively related to risk factors, while LBM 

showed negative associations. The other pattern was a SAT distribution - risk factor 

pattern. SAT in the upper part of the body as estimated by neck girth was positively 

associated to cardiovascular risk factors, while the reverse was true for a lower body 

SAT distribution as estimated by thigh girth. 

All risk factors except cholesterol were markedly improved two years after bariatric 

surgery. The two-year incidence of diabetes was reduced 30-fold after a 23% weight 

loss. In an eight-year perspective, surgically treated patients had lost 16% of their initial 

body weight while the controls had gained 1%. Surgical treatment reduced the eight-

year incidence of diabetes five-fold while it had no effect on the incidence of 

hypertension. The more pronounced increase in pulse pressure by age seen in the obese 

could be modified by weight reducing gastric surgery. 

Conclusions: Body composition and adipose tissue distribution are closely related to 

cardiovascular risk factors, also in the severely obese. The metabolic profile is markedly 

improved by gastric surgery. The effect of surgery on the increasing pulse pressure 

indicates that the atherosclerotic process may be slowed down by weight reduction. 

7 



C DAVID SJÖSTRÖM: EFFECTS OF SURGICALLY INDUCED WEIGHT LOSS ON CARDIOVASCULAR RISK FACTORS 

LIST OF ORIGINAL PAPERS 

This thesis is based on the following papers, which will be referred to in the text by their 

Roman numerals. 

I SJÖSTRÖM CD, HÅKANGÅRD AC, LISSNER L, SJÖSTRÖM L. 

Body compartment and subcutaneous adipose tissue distribution - risk factor 

patterns in obese subjects. 

Obes Res 1995;3:9-22. 

II SJÖSTRÖM CD, LISSNER L, SJÖSTRÖM L. 

Relationships between changes in body composition and changes in 

cardiovascular risk factors: the SOS intervention study. 

Obes Res 1997;5:519-530. 

NI SJÖSTRÖM CD, LISSNER L, WEDEL H, SJÖSTRÖM L. 

Reduction in incidence of diabetes, hypertension and lipid disturbances after 

intentional weight loss induced by bariatric surgery: the SOS intervention study. 

Obes Res 1999;7:477-484. 

IV SJÖSTRÖM CD, PELTONEN M, WEDEL H, SJÖSTRÖM L. 

Differentiated long-term effects of intentional weight loss on diabetes and 

hypertension. 

Submitted for publication 

V SJÖSTRÖM CD, PELTONEN M, SJÖSTRÖM L. 

Blood and pulse pressure during long-term weight loss in the obese: the SOS 

intervention study. 

Submitted for publication 

8 



C DAVID SJÖSTRÖM: EFFECTS OF SURGICALLY INDUCED WEIGHT LOSS ON CARDIOVASCULAR RISK FACTORS 

TABLE OF CONTENTS 

ABSTRACT 7 

LIST OF ORIGINAL PAPERS 8 

TABLE OF CONTENTS 9 

ABBREVIATIONS 11 

INTRODUCTION 12 

1.1 DEFINITION 12 

1.2 EPIDEMIOLOGY 13 

1.3 SOME ASPECTS OF ADIPOSE TISSUE DISTRIBUTION 14 

Different types of obesity 14 

Measurements of visceral obesity 14 

Central obesity and risk 16 

1.4 INSULIN RESISTANCE OF THE METABOLIC SYNDROME 16 

Direct mechanisms 17 

Indirect mechanisms 20 

1.5 OTHER CARDIOVASCULAR RISK FACTORS 22 

Non-insulin dependent Diabetes Mellitus 22 

Hypertension 24 

Dyslipidemia 25 

Hyperuricaemia 29 

1.6 WEIGHT LOSS, MORBIDITY AND MORTALITY 30 

1.7 SURGICAL TREATMENT 31 

Intestinal operations 31 

Gastric operations 32 

Combined gastric and intestinal operations 33 

The importance ofGLP-1 34 

1.8 CONVENTIONAL AS COMPARED TO SURGICAL TREATMENT 35 

AIMS OF THIS THESIS 37 

METHODS 38 

3.1 THE SOS STUDY 38 

Registry study 38 

9 



C DAVID SJÖSTRÖM: EFFECTS OF SURGICALLY INDUCED WEIGHT LOSS ON CARDIOVASCULAR RISK FACTORS 

Intervention study 38 

3.2 STUDY G ROUPS 40 

3.3 ANTHROPOMETRY 40 

3.4 BLOOD PRESSURE 41 

3.5 BIOCHEMISTRY 41 

3.6 QUESTIONNAIRES 42 
3.7 BODY COMPOSITION 42 

Total body potassium 42 

CT-calibrated anthropometric equations 42 

3.8 STATISTICS 44 

MAIN RESULTS 45 

4.1 PAPER 1 45 

4.2 PAPER II 46 

4.3 PAPER III 47 
4.4 PAPER IV 48 

4.5 PAPER V 50 

DISCUSSION 52 

5.1 BODY COMPOSITION 52 

Evolution of estimates 52 

Importance and pathogenetic links 53 

Validity of the used technique 54 

Risk factors, anthropometry, gender and age 56 

Weight loss and changes in anthropometry 57 

5.2 RISK CHANGES IN RELATION TO WEIGHT CHANGES 58 

Changes in risk factors and anthropometry 58 

Risk factors and weight loss 59 

Weight loss and long-term effects on blood pressure 60 

Blood pressure relapse 61 

Pulse pressure development and risk 62 

CONCLUSIONS 64 

ACKNOWLEDGEMENTS 66 

REFERENCES 67 

10 



C DAVID SJÖSTRÖM: EFFECTS OF SURGICALLY INDUCED WEIGHT LOSS ON CARDIOVASCULAR RISK FACTORS 

ABBREVIATIONS 

AT Adipose tissue 

BMI Body mass index 

CHD Coronary heart disease 

CI Confidence interval 

CT Computed tomography 

DBP Diastolic blood pressure 

FFA Free fatty acids 

GB Gastric banding 

GBP Gastric bypass 

GLP-1 Glucagon-like peptide 1 

HDL High density lipoprotein 

LB M Lean body mass 

LDL Low density lipoprotein 

LPL Lipoprotein lipase 

MRI Magnetic resonance imaging 

NIDDM Non-insulin-dependent diabetes mellitus 

PP Pulse pressure 

SAT Subcutaneous adipose tissue 

SNS Sympathetic nervous system 

SOS Swedish obese subjects 

SBP Systolic blood pressure 

TG Triglycerides 

TRL Triglyceride rich lipoprotein 

VAT Visceral adipose tissue 

VBG Vertical banded gastroplasty 

VLDL Very low density lipoprotein 

WHR Waist-hip ratio 

i i  



C DAVID SJÖSTRÖM: EFFECTS OF SURGICALLY INDUCED WEIGHT LOSS ON CARDIOVASCULAR RISK FACTORS 

INTRODUCTION 

During the evolution, those individuals have been selected, who had the genetic ability 

to store energy rapidly in periods of abundance since they had increased chances to 

survive when food supplies became scarce or lacking. With the fast change of lifestyle 

in modern society, these survival properties have turned against us as a trap (1,2). With 

a better supply of food and an increasingly sedentary way of living, populations all over 

the world become increasingly obese (3,4). 

Obesity can be described as a condition where the accumulation of excess body fat has 

reached such proportions that health is jeopardised. Health and well being are not only 

impaired by the excess fat load per se, but to a large extent by an obesity- associated set 

of r isk factors such as diabetes, hypertension and hyperlipidemia, conditions which all 

increase the risk of atherosclerosis and subsequent cardiovascular disease. Obesity is 

also associated with a multitude of other morbidities such as certain cancers, 

osteoarthrities, gout, sleep apnoea, impaired pulmonary function, psychological and 

endocrinological disorders(4). 

This introductory chapter will give an overview of the epidemiological situation, 

different types of obesity, cardiovascular risk factors and finally a few words about 

bariatric surgery, the only anti-obesity treatment with a proven long-term effect on body 

weight. 

1.1 Definition 

Obesity is usually defined by means of Quetelet index or the Body Mass Index 

(BMI)(5) which is the ratio of body weight in kilograms divided by the square of height 

in meters (kg/m2). Although not the optimal weight-for-height index for prediction of 

total body fat(6, 7), BMI still has a good correlation to fat mass(8) as well as 

morbidity(9) and mortality(10-12). Internationally accepted BMI cut-offs for the 

definition of underweight, overweight and obesity are given in table 1(4). Many authors 

use the term overweight for BMI 25-29.9 and define obesity as BMI >30 kg/m2. 
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Table 1. BMI intervals for degree of obesity and cardiovascular risk 

Classification BMI (kg/m2) Cardiovascular risk 

Underweight < 18.5 

Normal 18.5-24.9 Average 

Overweight >25 

Preobese 25-29.9 Increased 

Obese class I 30.0-34.9 Moderate 

Obese class II 35.0-39.9 Severe 

Obese class III >40 Very Severe 

Adapted from. ref (4) 

1.2 Epidemiology 

The prevalence of obesity has been increasing rapidly over the last 20 years. There are 

about 250 million obese adults in the world, and many more overweight. As the 

increased prevalence is not only seen in the Western world but also in the Third world, 

WHO has even described the situation as a global epidemic(A). Obesity is first emerging 

in urban middle-aged women. With economic developments, obesity then occurs in men 

and younger women. In the West where obesity has reached a greater general 

prevalence, childhood obesity is now rapidly emerging as a new threat(13, 14). 

In Sweden 6% of the 18-year old military conscripts were overweight (BMI>25 kg/m2) 

in 1971, whereas in 1995 this figure was 16.3%. The corresponding figures for obesity 

(BMI >30 kg/m2) had more than tripled from 0.9% to 3.2% over the same period of 

time(15). Among Swedish adults (16-84 years),the prevalence of obesity (BMI>30 

kg/m2) is lower than in many other European countries. Still, 12% of Swedish women 

and 10% of the men are obese (L Lissner, personal communication 1999), whereas 

figures from Europe range from 10-25% among females and 10-20% among males(16). 

The prevalence of obesity in the USA has increased more than 30% during the last 

decade. According to the third NHANES (1988-1994) 20% of the men and 25% of the 

women were classified as obese(17). More than 50% of the US adults have a BMI 

exceeding 25 kg/m2 and thereby they run an increased risk of contracting obesity-related 

comorbidities( 18). 
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I.3 Some aspects of adipose tissue distribution 

Different types of obesity 

The relationship between BMI and mortality has been described as J or U shaped(10, 

I I ,  1 9 )  o r  a l m o s t  l i n e a r ( 2 0 ) .  T h e  o b s e r v e d  r i s e  i n  m o r t a l i t y  a t  l o w  B M I  v a l u e s  i s  t o  a  

large extent explained by smoking and history of disease(12,20, 21). 

However, not only body weight or the total amount of fat is of importance for the 

development of disease, but also the location of the fat depots. This perception was first 

suggested 50 years ago by Prof. Jean Vague, who constructed the skinfold and 

extremity circumference based Fat Distribution Index(22, 23). He described one 

android or male pattern of SAT distribution, with a high risk of subsequent metabolic 

disturbances, such as diabetes and atherosclerosis. This android SAT distribution was 

characterised by a larger accumulation of SAT at the nape of the neck and in the upper 

limbs as compared to depots in the sacral region and the lower limbs. The SAT depots 

in the gynoid or female type of obesity showed a reversed distribution and were more 

related to direct mechanical complications of excessive adiposity than to metabolic 

derangement. 

Strangely, the importance of fat distribution did not receive international attention until 

the early nineteen eighties when cross-sectional associations between risk factors and 

central or abdominal adiposity appeared in the limelight(24, 25). The preferred 

anthropometric measurements were now circumferences rather than skinfolds. In 

prospective studies, the WHR proved to predict cardiovascular morbidity and mortality 

(26, 27) as well as diabetes(28, 29), also after adjustments for BMI. WHR also seemed 

to explain the sex difference with respect to incidence of coronary heart disease since 

incidence-WHR relationships of the two genders had similar slopes and were 

overlapping(30). 

Measurements of visceral obesity 

With the increasing interest in VAT, it became important to be able to measure VAT 

and to find anthropometric measurements from which VAT could be estimated. 

Multiscan CT techniques for measurement of VAT and SAT volumes were 

developed(6, 7) and later similar procedures were used for multiple 

compartmentalisation of the body(31). 

14 
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For estimation of VAT from anthropometric measurements, three different variables 

have been evaluated: the WHR, the waist circumference and the recumbent sagittal 

diameter. All three measurements have been used as indices of abdominal or upper 

body obesity. Upper body and abdominal obesity are often used terms. However, none 

of them makes a distinction between VAT and abdominal SAT. Nevertheless, 

abdominal obesity is closely related to cardiovascular risk factors whether assessed by 

WHR, waist circumference or the sagittal diameter(32-34). 

When estimating the VAT volume from anthropometric measurements, a 'gold 

standard' is required. Today the gold standard for assessing VAT is the multiscan CT 

technique(31, 35). With this technique, the precision error is less than 1% for VAT 

volume determinations(31, 36). VAT area determinations in single CT scans(32) predict 

the VAT volume with errors being 10-14%(36), which is only marginally better than 

anthropometric predictions (see below). Thus the VAT area of a single scan is an 

inappropriate standard when developing anthropometric predictors. This is due to a 

large inter-individual variation in the VAT distribution within the abdomen(36). 

It is evidently important that the anthropometric measurements are collected in a 

standardised way with fixed anatomical reference points(37). Although recommended, a 

standing position when taking anthropometric measurements could easily change 

anatomical relationships in obese persons. In SOS and related studies all anthropometric 

measurements have been undertaken in the supine position in order to make (regional) 

comparisons with CT-examinations more meaningful. Measurement of the sagittal 

diameter should definitely be undertaken in the supine position. The theory behind this 

is that VAT of a recumbent individual elevates the abdomen, like the filling of a 

balloon, while the ventrally located abdominal SAT may counteract this increase in 

sagittal diameter by gravity. 

It has been shown that the sagittal diameter differentiates VAT from total AT, while 

waist circumference seems to be more associated with VAT via its relationship to total 

AT(36). The intra-abdominal pressure is closer related to the sagittal diameter than 

waist or WHR(38). The errors when predicting VAT from the supine sagittal diameter 

range from 15-22%. The corresponding figures for waist and WHR are 22-30% and 26-

59%, respectively(36). Thus, the sagittal diameter is superior in estimating the VAT 

volume. As we will see this does not necessarily imply that the sagittal diameter is 

superior to waist or WHR as a risk indicator. 

15 
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Central obesity and risk 

As compared to waist and WHR, the sagittal diameter has been closer related to risk 

factors and mortality in some studies(33, 39) while this has not been the case in other 

investigations(32). The reason for this may be that waist circumference by its dual 

relationships adds the negative effects of metabolicly active abdominal SAT(24) and 

large intra-abdominal VAT depots(40). 

The waist circumference is simple to measure and understand and, given its associations 

with morbidity and mortality, it is thus a suitable measurement for risk evaluations of 

individuals and populations (34,41-44). Generally accepted waist circumference cut-off 

points in relation to risk are shown in table 3. However, these values are specific for 

Caucasians. Other ethnic groups have different body build and thereby different 

relationships between waist and risk factors(45, 46). Another reason for a cautious use 

of these cut-off points is that while very few people would unnecessarily be advised to 

have weight management, a substantial proportion of those who would need it might be 

missed(47). 

Table 3. Sex specific waist circumferences for increased risk of obesity-
associated complications in Caucasians  

Increased Severe 

Men > 94 cm > 102 cm 

Women >80 cm >88 cm 

Adapted from ref.(4) 

The WHR is considered to be elevated if >0.95 in men and >0.80 in women(48). 

1.4 Insulin resistance of the metabolic syndrome 

During the last 15 years, our knowledge concerning the metabolic syndrome has 

increased considerably. In general terms, a positive energy balance creating obesity(49) 

as well as neuroendocrine disturbances elicited by mental stress(50) are causing certain 

peripheral hormone patterns resulting in insulin resistance. These unfavourable hormone 

patterns are causing the insulin resistance directly in peripheral tissues such as skeletal 

muscle and liver and indirectly via an increased VAT(51) (fig. 1.1). 

16 
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Stress 

N euro-endocrine 

Disturbances 

Increased VAT 

Pos 

Energy 

itive 

balance I 

i ' 

Increased BMI || 

Insulin resistance 

Figure 1.1. Scheme showing the development of insulin resistance in the 
metabolic syndrome. 

Direct mechanisms 

HPA-axis 

One important direct mechanism for development of insulin resistance is an elevated 

activity in the limbic-hypothalamic-pituitary-adrenal axis (HPA-axis). This was realised 

by Vague already in 1956(23). Cortisol induces insulin resistance by increasing liver 

gluconeogenesis and peripheral amino acid production(52) and by attenuating the 

insulin mediated peripheral glucose uptake(53). In addition, Cortisol has a permissive 

effect on lipolysis and the resulting increase of FFA will promote insulin resistance via 

the glucose-fatty acid cycle(54). 

Björntorp has suggested that the increased activity of the HPA-axis is part of a 

civilisation syndrome(55) with stress due to negative psychosocial factors and increased 

consumption of alcohol and tobacco(50). Accepting an increased WHR as a marker for 

the metabolic syndrome, experimental evidence for the civilisation syndrome has been 
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positive associations between the WHR on the one hand, and increased Cortisol 

response to corticotropin (ACTH)(56), increased ACTH and Cortisol response to 

corticotropin-releasing hormone (CRH)(57) and increased Cortisol re sponse to mental 

stress(58), on the other. 

Sympathetic nervous system 

Several other neuroendocrine disturbances are directly involved in the development of 

insulin resistance. Although the activity of the SNS is decreased in several animal 

models(59, 60) most human data speak in favour of increased SNS activity in obesity. 

Thus, human obesity seems to be associated with increased urinary noradrenaline 

excretion(61, 62), increased muscle sympathetic nerve activity(63, 64) and changes in 

heart rate variability compatible with increased sympathetic activity and withdrawal of 

vagal tone(62). 

During acute noradrenaline stimulation, beta-2-adrenergic stimulation rapidly elicits 

insulin resistance in liver and muscle for three to four hours(65). Catecholamines and 

cAMP rapidly reduce the number of insulin receptors(66), interfere with the ability of 

insulin to uncover hidden insulin receptors in the cell membrane(67), reduce the number 

of glucose transporters(68) and interfere with the insulin-mediated docking of 

transporters in the cell membrane(69). Finally, increased SNS activity may cause 

increased lipolysis and thus decreased peripheral glucose uptake(54) as well as 

interference with the insulin-induced inhibition of gluconeogenesis in the liver(70) due 

to the increased FFA levels. Both these mechanisms will also decrease insulin 

sensitivity. 

Although high SNS activity induces insulin resistance (see above), high insulin levels 

do also increase the SNS activity as illustrated during hyperinsulinemic euglycemic 

clamps(64). While basal muscle sympathetic nerve activity is increased two-fold by 

exogenous insulin in lean subjects the response from elevated basal levels is only 10% 

in the obese(64), indicating a near maximal insulin-stimulated muscle sympathetic 

nerve activity in the obese state. A vicious circle thus seems to exist: increased SNS 

activity causes insulin resistance that maintains high SNS activity. 

Androgens 

Androgens are differently related to insulin sensitivity in men and women. In women, 

the metabolic syndrome is characterised by hyperandrogenecity(71) and testosterone 
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administration causes hyperinsulinemia(72). In men, on the other hand, the metabolic 

syndrome is associated with low testosterone levels(73) and testosterone substitution 

results in improved insulin sensitivity(74). However, excessive doses of androgens 

result in insulin resistance(75). Thus, too low as well as too high levels of testosterone 

result in insulin resistance in men. 

With ageing, human dehydroepiandrosterone sulphate (DHEAS) levels are decreasing 

and in parallel with this insulin-like growth factor (IGF-1) concentrations are 

decreasing, plasma tumour necrosis factor alpha (TNF-alpha) levels are increasing and 

insulin sensitivity is decreasing(76). At least in the Zucker rat, DHEA administration 

decreases TNF-alpha and improves insulin sensitivity(77). 

Some recent observations are not in line with the general picture drawn above. Thus 

correction of the hyperandrogenecity of the polycystic ovarian syndrome does not result 

in improved lipids or insulin sensitivity(78). Although testosterone replacement in 

males with idiopathic hypogonadotrophic hypogonadism improved several risk factors, 

insulin resistance was not changed(79). None of these conditions may be appropriate 

models for the metabolic syndrome, but these deviating observations indicate that more 

research is needed in this field. 

Growth hormone 

Obesity and especially VAT is negatively related to growth hormone (GH) secretion(80, 

81). GH is traditionally looked upon as an insulin-antagonistic hormone(82). Thus, one 

interpretation is that the metabolic syndrome is associated with insulin resistance in 

spite of a low GH secretion. A more exciting possibility is that high(82) as well as 

low(83) GH concentrations are related to insulin resistance. This possibility is supported 

by the fact that adults with GH deficiency as well as males with abdominal obesity have 

a reduced insulin sensitivity as determined with clamp technique and that the sensitivity 

is improved by GH administration(80, 83, 84). In parallel, VAT was reduced and total 

cholesterol, triglycerides and diastolic blood pressure were improved by GH treatment. 

Although these results indicate that low GH levels may maintain the disturbances of the 

metabolic syndrome, they do not prove that low GH values are of primary etiological 

importance. In fact, the reduced GH secretion of the obese is normalised by weight 

reduction(85) which indicates that the observed GH disturbances are secondary to 

obesity and not a pre-existing casual disorder. It should also be observed that not all 

trials have been able to find improved insulin sensitivity after GH treatment(86). 
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It has been suggested that insulin resistance is related to a low tissue availability of IGF-

1 (as reflected by a low binding protein 1/binding protein 3 ratio) rather than to low 

IGF-1 levels, at least in hypertensive subjects(87). Interestingly, inhibition of 

angiotensin converting enzyme does not only improve blood pressure but also insulin 

resistance and tissue availability of IGF-1. The causal relationships between these 

observations need further clarification. 

Interactions between neuroendocrine axes 

One hypothetical possibility is that an increased activity of the HPA-axis will influence 

all neuroendocrine axes discussed above in a negative direction since it is known that 

CRH stimulates SNS activity(88), interferes with the gonadotropin-releasing hormone 

(gnRH) induced release of luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH)(89) and blocks the GH releasing effect of growth hormone releasing hormone 

(GHRH)(90). 

Indirect mechanisms 

Most of the hormone disturbances discussed above, which all cause insulin resistance 

via direct mechanisms on peripheral tissues, are also involved in VAT accumulation. 

Thus, insulin resistance is also created indirectly via VAT accumulation, FFA exposure 

of the liver, decreased insulin clearance, peripheral hyperinsulinemia and down 

regulation of insulin receptors. 

As compared to fat cells from other depots, visceral adipocytes have a higher density of 

cytoplasmatic glucocorticoid receptors (GR) and higher concentrations of 

GRmRNA(91). In the presence of insulin, the cortisol-GR complex binds to nuclear 

receptors and induces increased LPL activity in AT, both by increasing synthesis after 

transcription of the LPL gene and by decreasing degradation(92). Normally, 

testosterone(93) as well as GH(94) are powerful inhibitors of the cortisol-induced 

increase in LPL activity. Since the developing metabolic syndrome is characterised by 

low GH in both genders and by low testosterone in men normal inhibition does not 

occur. All th is promotes lipid storage, particularly in VAT with high concentrations of 

GR. 

The lipolytic capacity is also higher in VAT than in other AT depots(95) and thus the 

FFA turnover is high. This may be related to a higher blood flow(96), a denser 
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sympathetic nerve supply(91) and/or a diminished antilipolytic effect of insulin(97) in 

VAT as compared to other AT depots. Since the SNS activity is high during the 

development of human insulin resistance, the lipolytic activity is certainly kept high. 

However, as VAT is growing during the development of the metabolic syndrome lipid 

storage must be somewhat more active than lipolysis. This may simply be related to a 

positive energy balance. Furthermore, GH and testosterone(98) are normally 

intensifying catecholamine-induced lipolysis. Since the two former hormones are low 

during development of the metabolic syndrome (testosterone low in men only) this 

might help keeping lipolysis lower than lipid storage. 

Although the total FFA release from upper body SAT is much larger than from 

VAT(99, 100), the VAT depot is thought to be proportionally more important for liver 

exposure due to the first passage effect of FFA from the portal bed(40). Studies on 

isolated hepatocytes and rat liver perfused in situ have shown that FFA reduces insulin 

binding and clearance(lOl), perhaps via an internalisation of insulin receptors(102). The 

decreased insulin clearance can be counteracted by drugs reducing mitochondrial FFA 

oxidation(103). Although human examinations have demonstrated a markedly reduced 

insulin clearance in subjects with abdominal obesity(104) the decreased clearance does 

not seem to have been directly coupled to high portal FFA levels in man. 

The decreased insulin clearance will cause peripheral hyperinsulinemia leading to 

down-regulation of insulin receptors and insulin resistance(105). 

However, it is very difficult to define the primary cause of insulin resistance once it is 

established since hyperinsulinemia causes insulin resistance. So far, no insulin studies 

on secretion, clearance and peripheral resistance have been performed longitudinally 

both before and during the development of the metabolic syndrome in man. 

Another precaution when discussing the pathogenesis of the metabolic syndrome is that 

several studies discussed above have neither taken the prevailing energy balance nor the 

general degree of obesity into account. Furthermore, each study has examined only a 

small piece of a large and complex system. In a recent SOS report, structural equation 

modelling was used to investigate multivariate relations between anthropometric, 

metabolic, psychometric, socio-demographic and life style variables cross-sectionally 

among 1700 males with established obesity(49). BMI was by far the strongest 
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determinant of VAT and insulin was much closer related to BMI and VAT than to 

depression, anxiety, physical inactivity and education. Thus, generalised obesity and the 

underlying positive energy balance should not be underestimated when evaluating the 

pathogenesis of metabolic disturbances in men with established obesity. 

Table 2. Suggested criteria for the metabolic syndrome  

The Metabolic Syndrome  

Compulsory: 

Glucose intolerance/Diabetes and/or Insulin resistance 

Plus two of the following: 

Blood pressure >160/90 mm Hg 

Triglycerides > 1.7 and/or HDL < 0.9 (men), <1.0 (women) mmol/L 

Microalbuminuria, excretion rate >20 |ig/min 

Central obesity, WHR >0.90 (men) >0.85 (women) and/or BMI >30 kg/m2  

Adapted from ref. (106) 

A recent WHO expert consultation(106) has recently tried to find criteria for the 

definition of the metabolic syndrome (Table 2). Considering the complex nature of the 

metabolic syndrome and the divergent opinions of different investigators, the criteria 

will most likely be subject of revision. 

This chapter has discussed various mechanisms causing insulin resistance. How this 

resistance is coupled to several other cardiovascular risk factors will be discussed in the 

next chapter. 

1.5 Other cardiovascular risk factors 

Non-insulin dependent Diabetes Mellitus 

A high relative mortality from diabetes among the obese is well known ever since the 

Build and Blood Pressure Study 1959(19), and other large studies of overweight and 

mortality have confirmed this(21, 107). In fact, more than 80% of patients with NIDDM 

are obese, while only 10% of obese subjects are diabetics(108). NIDDM is intimately 

related to the degree of overweight(109, 110). The risk of developing NIDDM increases 
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drastically from BMI 30 kg/m2 and upwards(110, 111). In addition to overall fatness, 

measurements of abdominal adiposity are related to the incidence of NIDDM(28, 29, 

110). Furthermore, twin studies show that genetic predisposition is important for the 

development of abnormal glucose tolerance (112). Finally, insulin resistance is also 

dependent on the degree of physical inactivity(l 13). 

Normally, insulin reduces the circulating levels of glucose by decreasing the hepatic 

glucose output and by increasing the glucose uptake in muscle and AT. Insulin 

stimulates the synthesis and the presentation of glucose transport protein (GLUT4) in 

peripheral tissues. Furthermore, insulin inhibits lipolysis in AT, and thereby lowers the 

release of FF A and glycerol(l 14). 

One important link between obesity and NIDDM is high levels of FFA(115). The basal 

rate of lipolysis increases with fat mass(l 16). High FFA levels induce insulin resistance 

in liver and the periphery(54) and reduces the hepatic insulin clearance(lOl). FFA also 

increases gluconeogenesis in the liver. Insulin production is consequently forced to 

increase and when the ß-cell fails to keep up the production overt NIDDM 

develops(117). The reason for the failure of the ß-cell is not clear but the ß-cell 

secretion of insulin is affected negatively by high glucose and FFA levels (118). 

Glucose uptake in the periphery is determined not only by the ability of insulin to 

stimulate glucose extraction, but also by the rate of substrate delivery, i.e. blood 

flow(119). High fasting insulin levels(120) as well as a high WHR have been associated 

with muscle fibres that have low capillary density and reduced aerobic enzyme 

activity(121, 122). Furthermore, obese subjects have a reduced ability to generate 

increases in blood flow in response to hyperinsulinemia(123), an observation that may 

have implications not only for diabetes but also for hypertension. 

Apart from FFA secretion, the increased AT in obesity produces other substances with 

potential, metabolic action. Both leptin(124) and TNF-alpha(125, 126) have been 

suggested as potential contributors to insulin resistance. Moreover, in women, TNF-

alpha was significantly correlated to WHR and insulin levels but not to BMI(126). 

Finally, GLP-1 (enteroglucagon) released from terminal ileum in response to increased 

intraluminal chyme content has anti-NIDDM properties, see Chapter 1.9, Surgical 

treatment. Thus, subnormal GLP-1 levels may have a diabetic effect. 
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Hypertension 

Since the nineteen-twenties, epidemiological studies have documented a close 

relationship between high blood pressure and body weight in all age groups and in both 

sexes(127-129) and estimates of central or abdominal obesity have shown close 

relationships to blood pressure, independently of BMI(130, 131). 

Several mechanisms whereby obesity might cause hypertension have been presented. 

Although the exact mechanisms are not elucidated, hyperinsulinemia or rather insulin 

resistance seems to play a central(132, 133) but disputed(134, 135) role. An increased 

SNS activity(136-138) as well as a disturbed renal function(135) are other pathogenetic 

mechanisms being discussed. Important argument for a causal relationship between 

insulin resistance and hypertension is coming from the epidemiological literature. 

Impaired glucose tolerance predicts the development of hypertension up to 18 years 

after diagnosis of the impairment 139, 140). 

As discussed above (1.4), a high SNS activity is not only causing insulin resistance, but 

insulin may also activate SNS(64, 136, 137). One observation speaking against insulin 

as a SNS activator is that patients with insulinoma are usually not hypertensive(141). 

Since insulin causes vasodilatation in muscles(119), without causing a change in blood 

pressure, one question has been whether the increased SNS activity is merely a reflex 

response to the vasodilatation. However the vasodilatation as such is also resistant to 

insulin in individuals with the metabolic syndrome(l 19) so there may be no 

vasodilatation for SNS to react on. The vasodilating action of insulin is thought to be 

mediated by an endothelial-dependent relaxing factor, such as nitric oxide(142, 143). 

Indeed, an impairment of the endothelial nitric oxide synthesis is directly related to 

insulin resistance(144). 

Leptin is a more recently discussed candidate for activation of SNS and elevation of 

blood pressure. In rats, leptin increases blood pressure and the SNS renal 

signalling(145, 146). 

In order to sustain a hypertensive state, an anti-natriuretic shift in kidney function is 

required(134). How this shift is brought about, within the frames of obesity, is far from 

clear. The metabolic syndrome-associated insulin resistance seems to be of a selective 

nature. Despite insulin resistance concerning peripheral glucose uptake, the kidney 

retains normal sensitivity to the proposed antinatriuretic effect of insulin(147-149). An 
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increased aldosterone secretion(150, 151) as well as SNS overactivity(137) will further 

enhance this sodium retention. The increased SNS activity will also cause peripheral 

vasoconstriction, increased cardiac output as well as activation of the renin-angiotensin-

system(152). Insulin could also promote hypertension by augmenting ionic fluxes in 

vascular smooth muscle cells and thereby increase the sensitivity to pressor 

amines(152). Furthermore, insulin and growth factors, such as IGF-1, may contribute to 

the development of hypertension by causing hypertrophy of the vascular wall(153, 154). 

Structural changes are also seen in the kidneys. Obesity is associated with renal 

vasodilatation, leading to increased wall stress in the glomeruli. This, accompanied by 

glucose intolerance and high levels of lipids might promote glomerulosclerosis(135). 

An important but often overlooked aspect of hypertension and expanded VAT mass is 

the direct circulatory effects of increased intra-abdominal pressure. Acutely increased 

abdominal pressure has profound effects on the circulation^ 55). Intra-abdominal 

pressure is directly related to the supine sagittal abdominal diameter (38), which in turn 

is an indicator of VAT(36). In porcine models it has elegantly been demonstrated how 

an increased abdominal pressure decreases cardiac output as the venous return is 

impaired(156). As expected an acutely elevated intra-abdominal pressure decreases 

urinary output and increases the activity of the renin-angiotensin-aldosterone 

system(157). Of course, abdominal and intra-thoracic pressure relationships differ 

between mechanically ventilated swine and spontaneously breathing humans. However, 

interestingly, an increased abdominal pressure also seems to have direct effects on renal 

function by increasing renal venous pressure. An increase of the renal vein pressure 

results in increased plasma renin activity, serum aldosterone and urinary protein 

leak(158). These changes are consistent with renal alterations in morbid obesity. 

As illustrated by the review above, several possible mechanisms for obesity related 

hypertension have been evaluated without finding a generally applicable model. 

Therefore, several regulating mechanisms are probably involved, one of which is most 

likely insulin resistance. 

Dyslipidemia 

Upper body obesity is linked to elevated fasting TG levels(24, 25) and reduced levels of 

HDL-cholesterol(159) and high levels of small, dense LDL particles(160), the latter 

being particular atherogenic(161). Insulin resistance have been coupled to these 

lipidemic derangements(162-164). The small, dense LDL particles easily undergo 
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modification and exhibit high affinity to arterial wall proteoglycans. Many lines of 

evidence indicate that the essential initiating event in early atherosclerosis is the 

subendothelial retention of cholesterol-rich, atherogenic lipoproteins. (165). 

Recently, postprandial lipoprotein metabolism has received a growing interest. 

Postprandial hypertriglyceridemia has been identified as an independent risk factor for 

atherosclerosis(166), and TG-rich lipoproteins have been associated with the rupture of 

atherosclerotic plaques(167, 168). 

In the postprandial state, apoB-48 containing chylomicrons are secreted by the 

intestine(169) while apoB-100 containing VLDL particles are secreted by the liver both 

during fasting and after food intake. Taken together the postprandial TG-rich 

lipoproteins are called TRLs. Expressed as number of particles, VLDL constitute about 

96% of all TRL particles in the fasting state and this fraction is diminished with only 3-

5 %-units 3 and 6 hours postpradially(170). Due to the large size of the chylomicrons 

they are nevertheless containing 80% of the TG in the TRL fraction in the postprandial 

phase(171). 

In insulin resistant individuals, there is an overproduction of VLDL particles, also in the 

postprandial state. This can largely be explained by an increased input of FFA-substrate 

for VLDL production due to the failure of insulin to suppress lipolysis in AT(172), and 

in particular in VAT. The liver production of large VLDL particles is normally reduced 

by insulin but in type-2 diabetics this mechanism is resistant (173). Thus, this type of 

insulin resistance may also contribute to the postprandial overproduction of VLDL. 

In the fasting state, VLDL is undergoing sequential delipidation by LPL to form LDL. 

The main destiny of LDL is the hepatic LDL receptors causing internalisation and 

disassembly of the entire lipoprotein 174). Serial coronary angiographies in some 3500 

subjects from more than a dozen studies have demonstrated that lowering of LDL-

cholesterol increases regression and inhibits progression of atherosclerotic lesions(175). 

In spite of aggressive LDL-cholesterol lowering treatment, 20-50% of the treated 

subjects continue to show progression of atherosclerosis(168). Therefore, factors other 

than LDL cholesterol must clearly be of importance for the atherosclerotic process. 

Postprandially, and in particular in insulin resistant individuals, chylomicrons are 

competing with VLDL for the same binding sites of LPL in the capillary endothelium of 
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AT and muscles. LPL is activated by apoC-II which the TRL particles have acquired 

from HDL as soon as they appear in the circulation(176).The competition between 

VLDL and chylomicrons results in a delayed lipolysis of these particles(177). The 

prolonged residence time in the circulation of postprandial TRL permits the cholesteryl 

ester transfer protein (CETP) to enrich the TRL fraction with cholesteryl esters from 

HDL and LDL particles(178). Thus cholesterol enriched VLDL and chylomicron 

remnants are formed that are probably not further delipidated by LPL due to their high 

cholesterol content (178). 

The bulk of TRL remnants are taken up by the liver by using apoE as a ligand and either 

the LDL receptor or specific remnant receptors(179). However, small VLDL remnants 

may also be taken up by the arterial wall where they may contribute to the 

atherosclerotic process(180). ApoC-III, which is a marker for TRL and TRL 

remnants(181), is related to progression of mild to moderate atherosclerotic lesions(182, 

183). 

In addition to LDL and TRL remnants, low HDL cholesterol is supposed to play a role 

in the atherosclerotic process. Nascent forms of HDL are secreted by the liver and 

intestines and are remodelled into mature forms in the circulation(184). HDL is a class 

of particles with the density 1.063-1.21 Kg/1. The ir core contains mostly cholesteryl 

esters and triglycerides and their surface contains phospholipids, free cholesterol, and 

apoA (mainly apoA-1), C and E as well as the enzymes CETP and lecithin-cholesterol 

acyltransferase (LCAT)(185). 

HDL is responsible for the reversed cholesterol transport from peripheral tissues to liver 

and steroid hormone producing organs. LCAT, on the surface of small HDL particles, 

converts unesterified cholesterol of peripheral tissues into cholesteryl esters, which are 

stored in the interior of the HDL particle and transported to the liver and other receiving 

organs via indirect and direct pathways. 

As mentioned above, CEPT transfers cholesteryl esters from HDL and LDL particles to 

TRL particles thereby creating TRL remnants. This process also results in cholesterol 

depleted and TG-rich HDL and LDL particles, which are subjected to lipolysis by 

hepatic TG lipase(186), resulting in an increased number of small dense LDL particles 

that are particularly atherogenic and in smaller HDL particles that can be more rapidly 

catabolised through mechanisms that are poorly understood(185). Anyway, the 
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commonly observed negative correlation between human serum levels of triglycerides 

and HDL cholesterol is usually explained by the fact that high VLDL levels are causing, 

not only TRL remnants, but also TG-rich HDL particles which, after lipolysis by the 

hepatic lipase, are rapidly catabolised. Uptake of TRL remnants and HDL particles by 

the liver represents the indirect way of cholesterol transport from vessel walls and other 

peripheral tissues. 

In 1996, a scavenger receptor, class B, Type I (SR-BI) was described(187). This 

receptor, which is expressed in parenchymal liver cells and steroid hormone producing 

cells in the adrenals, ovaries and testes, represents a direct transport way of cholesterol 

from the periphery since it is can bind HDL (as well as VLDL and LDL) and transfer 

cholesterol from the particle to the cell without braking down the lipoprotein(184). In 

the liver, the cholesterol is mainly used for bile acid and cholesterol production into the 

bile, and in the other organs for steroid hormone production. In mice, overexpression of 

the SR-BI receptor dramatically lowers plasma HDL cholesterol, increases bile 

cholesterol and suppresses atherosclerosis(188) while knockout of SR-BI has opposite 

effects(189). 

It has been known that overexpression of apoA-I or weekly injections of purified apoA-

I has inhibitory effects of the initiation and progression of atherosclerotic lesions in 

cholesterol-fed rabbits(190, 191). Recently, it was reported for the first time that liver-

directed viral gene transfer of human apoA-I resulted in significant regression of pre

existing atherosclerotic lesions in LDL receptor-deficient mice(192). 

The new knowledge on overexpression of apoA-I and the HDL SR-BI receptor has not 

yet been transferred to human interventions. When this occurs, the established negative 

correlations between HDL and atherosclerosis or between HDL and triglycerides will 

not necessarily be seen. Today, however, older studies such the Helsinki Heart 

Study(193) clearly support the idea that HDL cholesterol levels are negatively related to 

atherosclerosis. In the Helsinki Heart Study, it was estimated that for every 1% increase 

in HDL cholesterol, there was a 3 % decrease in the risk of having a coronary event. The 

recent Veterans Affairs HDL Cholesterol Intervention Trial has confirmed results from 

earlier studies and shown that elevation of HDL cholesterol reduces the incidence of 

coronary events in patients with normal LDL levels(194). 
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As reviewed above, visceral obesity and insulin resistance are related to elevated VLDL 

and dense LDL levels and to reduced HDL levels. These circumstances clearly indicate 

that weight reduction is important in obese subjects. 

Hyperuricaemia 

The association between hyperuricaemia and cardiovascular disease has been 

recognised for about 40 years(195), when it was discovered that half of the patients with 

gout died of either coronary heart disease, congestive cardiac failure or intracranial 

haemorrhage. Later, the association with coronary heart disease was confirmed 

longitudinally(196). The association between BMI, components of the metabolic 

syndrome and uric acid is now well established(197). Consequently, the association 

between uric acid and morbidity has usually been regarded predominantly as a result of 

the covariation with adiposity and the metabolic syndrome. Insulin seems to decrease 

the renal excretion of uric acid together with sodium, also in insulin resistant 

hypertensive individuals(149). 

Uric acid is the final product of adenine degradation and is generated by the enzyme 

xanthine oxidase. There is an increased availability of uric acid precursors and 

activation of xanthine oxidase during cell break down and in conditions of global or 

regional hypoxia( 198-200). Xanthine oxidase releases oxygen-derived free 

radicals(201). This is a most interesting finding as it provides a theoretical link between 

vascular endothelial injury and urate overproduction(202). Indeed, allopurinol has been 

shown to protect the myocardium against hypoxic injury in patients undergoing heart 

operations(203). Furthermore, the xanthine oxidase derived reactive oxygen species 

increase the expression of adhesion molecules by leukocytes(204), a prerequisite for 

their adhesion and accumulation in endothelial lesions. Free radicals may also be 

involved in premature rupturing of atherosclerotic plaques(205). The generation of 

nitric oxide, a potent endothelial-dependent vasodilator, increases under conditions 

where superoxide generation increases. In fact, nitric oxide inactivates the xanthine-

oxidising enzymes(206). Unfortunately, impaired nitric oxide synthesis is linked to a 

cardinal feature of the metabolic syndrome, i.e. insulin resistance(143, 144). 

In short, hyperuricaemia may be a marker of a generalised endothelial dysfunction 

rather than a causal factor. It is a potent predictor of mortality in patients with chronic 

heart failure(207). 
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1.6 Weight loss, morbidity and mortality 

Numerous studies have shown beneficial effects of weight loss on dyslipidemia(208), 

hypertension(209) and NIDDM(210). Today there is a generally accepted idea that a 5 

to 10 percent weight loss is sufficient for improvements in cardiovascular risk 

factors(211, 212). Thus, an overwhelming literature suggests beneficial effects of 

weight loss on cardiovascular risk factors. Consequently, one would expect these 

positive effects to be reflected in epidemiological mortality data. Surprisingly, it is 

difficult to find any support for mortality reducing effects of weight loss. In fact, weight 

loss rather seems to increase mortality rates(213). In NHANES I, this was true also for 

cardiovascular death among initially overweight men and women. This relationship was 

maintained also after exclusion of deaths occurring during the first 8 years and after 

controlling for smoking(214). Other studies have shown the lowest mortality in weight 

stable individuals while increased risk is associated with weight gain as well as with 

weight loss among men(215) and women(216). 

Lack of evidence for beneficial effects of weight loss on cardiovascular or all-cause 

mortality has generally been regarded as a failure in controlling for confounders(213). 

Furthermore, the effectiveness of excluding early death as a means of controlling for 

confounding by occult disease has been questioned(217). Considering the difficulties in 

losing weight voluntarily(218), it is not remarkable that more than half of weight losses 

exceeding 9 kg were not intentional, as reported from a large study of middle aged 

women(219). In fact, the volition of weight loss might be one key to the understanding 

of the contradictory association between weight change and mortality. Unfortunately, 

only data from the American cancer society study has permitted some sort of 

corrections for unintentional weight loss. In obese women with obesity associated co

morbidities intentional weight loss was associated with reduced mortality(220). 

However, results were neither totally consistent in women without co-morbidities(220) 

nor in men with or without co-morbidities(221). 

Another interesting hypothesis is that loss of LBM would be associated with increased 

mortality while loss of fat is related to decreased mortality. Available investigations 

preoccupied with changes in weight or BMI are missing this distinction(222). 

A third explanation for the fact that weight loss has beneficial effects on risk factors but 

not on mortality might be that most risk factor studies are shorter than one year (211) 

while mortality has usually been studied over ten years or more. Thus, it is not known if 

30 



C DAVID SJÖSTRÖM: EFFECTS OF SURGICALLY INDUCED WEIGHT LOSS ON CARDIOVASCULAR RISK FACTORS 

initially, beneficial effects on risk factors are preserved long-term in still obese 

individuals with a maintained weight loss. Barakat has suggested that insulin sensitivity 

is connected to a threshold around BMI 30 kg/m2 above which weight reductions would 

not improve insulin sensitivity(223). Similar suggestions have recently been presented 

by others(224). A recent finding also calling for more long-term interventions is the 

relapse in LDL and total cholesterol after one year despite no observed weight relapse in 

a group of weight reduced obese women(225). Orlistat trials, which result in weight 

losses of about 4 to 6 percent in the placebo group and 8-10% in the orlistat group over 

2 years, have demonstrated that the weight loss of the placebo group is not enough to 

keep any risk factors down over 2 years while 8-10% weight reduction improves all 

risk factors over the same period of time (226). 

Little is known about risk factor improvements after 5 to 10 years of maintained 

intentional weight loss. Short follow-ups and small weight losses in risk factor studies 

are not surprising considering the disappointing results of traditional dietary weight-loss 

regimens. After one year 75% of patients participating in dietary programs have 

regained most of their lost weight(218). The adherence to behaviour modification and 

exercise programs aiming at counteracting the weight regain is also declining fast(218). 

For a better understanding of the weight loss - risk factor - mortality controversy, 

controlled intervention studies with large and maintained, intentional weigh losses over 

prolonged periods of time (5-10 years) are needed. At present, the SOS study is the only 

ongoing study that has been designed to study these problems. 

1.7 Surgical treatment 

Traditionally, two factors of importance for weight control have been considered in the 

surgical treatment of obesity: 1) restriction of food intake, and 2) malabsorption of 

energy. More recently, 3) an increased release of GLP-1 has been included among 

weight reducing and anti-diabetic mechanisms. 

Intestinal operations 

These operations are causing malabsorption. The jejunocolic shunt operations were 

introduced in 1963 by Payne(227). These operations were very effective, but associated 

with severe diarrhoea and hepatic failure and were therefore soon abandoned. In 

contrast, the jejuno-ileal bypass (JIB), introduced in 1976(228) has been widely used. 
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Jejunum is divided 37.5 cm from the ligament of Trietz. The proximal end is 

anastomosed to ileum 10-12 cm from the ileo-coecal valve while the distal segment of 

the divided jejunum is closed resulting in a blind loop. JIB results in large weight 

reductions (30-50 kg) but also in a number of late side effects including immunological 

disorders and liver damage(229). For these reasons, most authorities in the field do not 

recommend JIB. 

Gastric operations 

Gastric operations have a restrictive mood of action. Several variants of so called 

horizontal gastroplasties(230, 231), including that described by Gomez(232) turned out 

to be long-term inefficient due to stoma dilatation and pouch enlargement. These 

techniques are not in use today. 

Gastric banding(233) was introduced in the early 1980's. A silicon band is strapped 

around the upper part of the stomach resulting in an hourglass-shaped ventricle with a 

small (20 ml) upper pouch. Later this technique has changed into a variable banding 

method achieved by means of a balloon on the gastric side of the silicon band. The 

balloon is connected with a subcutaneous port or reservoir with a self-sealing 

membrane(234,235). The size of the stoma can be changed by adding or removing fluid 

from the system by means of a percutaneous puncture of the membrane (fig. 1.2). 

Nowadays, this operation is often performed laparoscopically(236) and it usually results 

in a 20-30% weight loss. 

Figure 1.2. Gastric banding, with permission ref.(240) 
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Vertical banded gastroplasty was introduced 1980 by Mason(237) (fig. 1.3). A channel 

is created through the ventricle walls approximately 2 cm from the lesser curvature and 

4-5 cm below the angle of His. The front and back walls of the stomach are then stapled 

together from the channel up to the angel of His. Finally, a polypropylene strip (1.5 cm 

wide) is brought through the channel and around the lesser curvature and sutured to 

itself so that its circumference is 5 cm. Although less common than for banding, VBG 

can also be performed laparoscopically(238). The weight loss with VBG is in the order 

of 20-30%(239). 

Figure 1.3. Vertical banded gastroplasty, with permission ref.(240) 

Combined gastric and intestinal operations 

With these techniques restriction as well as malabsorption are achieved. 

The original gastric bypass technique was described by Mason in 1967(241). Later it 

has been modified in several steps(242). Nowadays, GBP is usually characterised by a 

pouch along the lesser curvature and a so-called Roux-en-Y arrangement of jejunum 

(fig. 1.4). Jejunum is divided 45 cm from the ligament of Trietz and the distal segment 

is brought up retrocolically and antegastrically for the lesser curvature gastro-jejunal 

anastomosis to the pouch. The proximal segment of the divided jejunum is used for an 
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end-to-side jejuno-jejuno-stomy 35-60 cm from the pouch. GBP usually results in 

30-50% weight loss(239). Laparoscopic techniques for GBP have recently been 

developed by Lönroth(243, 244). 

The biliopancreatic diversion was introduced by Scopinaro in the 1970's(245). This is 

an extensive operation causing close to normalisation of body weight but also negative 

nitrogen and calcium balance as well as symptoms of deficiency of fat soluble vitamins 

in a substantial fraction (10-15%) of the treated patients. Seventy-five percent of the 

distal stomach is removed and the remaining proximal stomach and the duodenal stump 

are closed. Ileum is divided 250 cm from the ileocecal valve and the distal segment (the 

alimentary limb) is anastomosed to the remaining stomach. The proximal segment of 

the divided ileum (the biliopancreatic limb) is anastomosed to the side of terminal ileum 

50 cm from the ileocecal valve. Scopinaro has reported on results from 2241 patients 

operated over 21 years(246). The operative mortality was low, 0.5%, and the patients 

lost 75% of their initial excess body weight. 

The importance of GLP-1 

As mentioned in chapter 1.5, GLP-1 is released from terminal ileum in response to 

increased intraluminal chyme content. It has weight reducing and anti-NIDDM 

properties by inhibiting pancreatic glucagon secretion, stimulating insulin secretion, 

Figure 1.4. Gastric bypass, with permission ref.(240) 
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prolonging gastric emptying and decreasing intestinal motility(247). This is of particular 

interest in bariatric operations where the pyloric muscle is bypassed. The bypass causes 

a rapid movement of gastric contents into the small bowel and thereby an increased 

release of GLP-1. Increased GLP-1 responses to food has been documented after JIB, 

GBP as well as biliopancreatic diversion(247). Furthermore, data suggest that GLP-1 is 

responsible for the dumping seen in gastrectomised patients(248). Finally, GLP-1 has 

been suggested as an inhibitor of appetite and GLP-1-receptors have been demonstrated 

outside the blood-brain barrier in the subfornical organ and in area postrema(249). As 

compared to entirely gastric operations, the increased GLP-1 responses seen after GBP, 

JIB and biliopancreatic diversion thus seem to contribute to the larger weight reduction 

and the more pronounced effects on NIDDM seen with these techniques. 

1.8 Conventional as compared to surgical treatment 

Four studies have been designed to compare conventionally and surgically induced 

weight loss. One of these is the SOS study, see Results. 

In the Danish Obesity Study 202 patients were randomised to jejunoileal bypass (JIB) or 

diet(250). After two years, the weight loss was 43 kg in the JIB group and 6 kg in the 

diet group. In the surgical group, quality of life as well as blood pressure was markedly 

improved but numerous complications were also observed, some of which were serious. 

Two(251) and five-year(252) results have been reported from another Danish study. 

Sixty patients were randomised to horizontal gastroplasty (HP) or a very low calorie 

diet (VLCD) followed by traditional dieting. After 2 years, the weight loss was 31 kg in 

the HP group and 8 kg in the VLCD group. At 5 years, weight losses were not reported 

while cumulated success rate defined as more than 10 kg maintained weight loss was 

16% in the HP group and 3% in the VLCD/diet group. As discussed above the HP 

technique is not used nowadays due to the poor long-term results. 

In an American, prospective, non-randomised, non-matched study, 201 patients were 

treated with GBP and 161 patients with VLCD followed by weekly diet counselling for 

18 months(253). The patients were followed for 2 to 6 years and at the latter occasion, 

30% of the patients were available. Initial, minimum and 6-year BMIs were 49.3, 31.8 

and 33.7 kg/m2 in the GBP group and 41.2, 32.1 and 38.5 kg/m2 in the VLCD/diet 

group. In spite of a much higher initial BMI, the GBP group thus achieved a lower 
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minimum BMI that was largely maintained. Only 11% of the lost weight were regained 

after 6 years. The VLCD group had a very satisfying initial weight loss but had regained 

70% of the lost weight after 6 years. 

The conventional treatment results of the three studies discussed above are 

representative for or moderately better than conventional results in general, achieved by 

teams specialised in the treatment of obesity. However, the great majority of all obese 

patients are thrown upon the resources of the primary health care. Until the SOS study 

was started, no results from obesity treatment in primary health care settings were 

available. 
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AIMS OF THIS THESIS 

The SOS study has been undertaken at 480 primary health care centres and 25 surgical 

departments. These circumstances made it impossible to perform advanced 

examinations such as clamp studies, postprandial trials, advanced body composition 

examinations or measurements of energy expenditure. Instead, SOS is relying on simple 

anthropometry, basal biochemistry at 0, 2 and 10 years, comprehensive questionnaires 

and a strict study administration. 

The overall aim of this thesis, dealing with severely obese subjects, was to evaluate the 

effects of large sustained, intentional weight losses on body composition and the 

following cardiovascular risk factors: SBP, DBP, Glucose, Insulin, Cholesterol, HDL, 

TG and Uric acid. 

More specifically, the goals were: 

• To separate the effects of VAT and SAT mass from those of SAT distribution - on 

risk factors (papers I and II). 

• To study the cross-sectional relationships between AT distribution, body 

composition and risk factors (paper I). 

• To describe the relationships between changes in body weight, body composition 

and risk factors (paper II). 

• To determine the reduction in the two-year incidences of hypertension, diabetes 

and lipid disturbances after bariatric surgery (paper III). 

• To examine the eight-year effects of a sustained, intentional weight loss on 

diabetes and hypertension (paper IV). 

• To study weight, weight change and ageing as predictors of the long-term relapse 

in blood pressure, occurring in spite of a large maintained intentional weight loss 

(paper V). 

• To examine the effects of weight loss on the development of pulse pressure 

(paper V). 
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METHODS 

3.1 The SOS study 

The Swedish Obese Subjects study(254) was started in 1987 as a pilot study. Since 

1993, it is a countrywide investigation involving 480 primary health care centres and 25 

surgical departments throughout Sweden. It consists of a registry and an intervention 

study. 

Registry study 

The registry study is a health examination of obese individuals undertaken by 480 

primary health care centres in Sweden. Between six and ten thousand obese patients will 

be included. 

The primary aims of the registry study are: a) to describe the obese patient with respect 

to body composition and AT distribution, metabolic aberrations, dietary habits, 

psychological and socio-economic variables, b) to investigate the dependency of obesity 

on genetic and cultural factors, c) to constitute a recruitment base for the intervention 

study. 

Patients are recruited into the registry study through advertisements in newspapers, 

radio and television. Inclusion criteria are age 37-57 years, BMI > 34 for men and BMI 

> 38 kg/m2 for women, according to a height-weight table. The patients must also have 

completed a number of questionnaires before a registry health examination with blood 

sampling is undertaken. The questionnaires delineate weight development in the patient 

and his family, dietary habits, diseases, medication, utilisation of medical care, ethnic 

origin, education, socio-economic status, sleep patterns, physical activity and 

psychological status. 

Intervention study 

From the registry, eligible patients are recruited into an intervention study. The primary 

aims of the intervention study are to investigate the effects of intentional weight loss on 

mortality and morbidity. Secondary aims are to examine how large weight losses that 

are needed in order to ameliorate the disturbed cardiovascular risk factor patterns seen 
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in the obese and to follow the development of body composition, socio-economic and 

psychological variables longitudinally. 

Inclusion criteria for the intervention study are age 37-60 (three year higher upper limit 

2 than in the registry study) and BMI > 38 for women and BMI > 34 kg/m for men. 

Severe illness, abuse of alcohol or drugs and previous bariatric surgery were reasons for 

exclusion while diabetes, hypertension and previously experienced (not last 6 months) 

myocardial infarction were not. 

The SOS intervention study offers two treatment arms: one conventional and one 

surgical. It was neither feasible nor scientifically desirable to introduce a standardised 

treatment for the controls followed at 480 primary health care centres. Instead, SOS 

controls receive the customary obesity treatment of the site to which they belong. The 

intervention within SOS consists of three types of gastric surgery performed at 25 

surgical departments. The operation types are VBG, GB and GBP(255) (fig. 1.2-4). 

The SOS intervention study is not randomised as the Ethic committees did not approve 

of such design considering the high postoperative mortality in the early eighties (1 to 

5%). Therefore, a matched controlled design was chosen. When selecting matches for 

the surgically treated patients from potential controls of the registry a computerised 

matching program is taking the following 18 variables into account: sex (absolute 

match), age, weight, height, waist circumference, hip circumference, systolic blood 

pressure, s-cholesterol, s-triglycerides, smoking, diabetes, pre/post menopausal state 

among women, four psychosocial variables known to be associated with mortality 

(current health, availability of social interaction, availability of attachment, stressful life 

events) and two personality traits related to treatment preferences (psychastenia, 

monotony avoidance). The algorithm of the computer program chooses controls in order 

to move the two group means of all matching variables as close to each other as 

possible. A surgically treated patient and its matched control started the intervention on 

the operation day of the former. 

The two treatments arms will contain 2000 subjects each and the follow up period will 

be at least 10 years. The patients undergo health examinations and fill out 

questionnaires at certain intervals. These are year: 0, 0.5, 1, 2, 3, 4, 6, 8, and 10. Blood 

samples are collected for centralised analysis at 0, 2 and 10 years. 
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3.2 Study groups 

The study groups in paper I to V are all derived from the SOS study with the above 

mentioned inclusion criteria. An overview of the number of participants is shown in 

table 1. No. Used denotes the actual number of participants used in the calculations and 

No. Total signifies the number of participants that would have been available had there 

been no dropouts. 

Table 1. Study designs and number of participants in paper I-V. 

Paper Study design No.Used No.Total 

I Cross-sectional Registry 2450 2450 

II Longitudinal 2 yr. Intervention 842 948 

III Longitudinal 2 yr. Intervention 1479 1690 

IV Longitudinal 8 yr. Intervention 483 692 

V Longitudinal 3-10 yr. Intervention 2188 2750 

All participants were obese. At the start of the intervention mean BMI for men was 

40±5 kg/m2 and for women 42±5 kg/m2. Mean age was 48+6 years for both genders. 

In paper I data from an independent examination of 203 men and women, with BMI 

35.5+5.0 kg/m^ (range 28 to 50) and age 43±12 years were used to investigate the 

relationship between height, LBM, and total body potassium. 

3.3 Anthropometry 

Involved staff members of the centres were trained in measuring the anthropometric 

variables at the start of the study and at annual reinforcing meetings. 

The following anthropometric measurements have been used: Body weight to the 

nearest 0,1 kg without shoes in indoor clothing. Body height without shoes to the 

nearest 0.01m. Sagittal diameter in cm was measured by means of a carpenter's spirit 

level and a ruler. The patients were examined in the recumbent position on a firm 

examination table. The spirit level was placed 90 degrees to the length axis of the body 

over the abdomen at the level of the iliac crest. The sagittal (antero-posterior) diameter 
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was the vertical distance from the examination table up to the horizontal level as 

measured with a ruler. 

Four trunk and three limb circumferences were measured in the recumbent position: 

neck circumference, shortest possible circumference without any compression of 

tissues; upper waist, at the level midway between proc. xiphoideus and a line 

connecting the most caudal part of the lateral costal arch on the left and the right side; 

waist, at the level midway between the most caudal part of the lateral costal arch and the 

iliac crest; hip, at the symphysis-trochanter femoris level; upper arm, on the right arm, 

midway between apex axillae and the cubital fold; thigh, on the right leg, just below the 

gluteal fold; calf, midway between the centre of the patella and the medial malleol. 

Clothes were removed from the measured regions. 

3.4 Blood pressure 

SBP and Korotkoff phase 5 DBP were measured after 15 minutes in a supine position. 

The last five of these 15 minutes the patients spent in complete rest. Cuff width and 

upper arm circumference were recorded in each individual case. The blood pressures 

were adjusted for any incongruities in these measurements before analysis(256). 

3.5 Biochemistry 

Serum, EDTA plasma as well as heparin fluoride blood and serum were sampled at the 

collaborating centres after an overnight fast. 

Table 2. Biochemical analyses 
Analysis Method CV (%) 

B-Glucose Enzymatic 4 

S-Insulin Radio immuno assay 10 
S-Cholesterol Enzymatic 3 

S-HDL Precipitation 5 

S-TG Enzymatic 4 

S-Uric acid Enzymatic 3 
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The samples were then sent by overnight mail, to the Central Laboratory at Sahlgrenska 

University Hospital, Göteborg, for standard biochemical analyses. The laboratory is 

accredited according to European norm 45 001. Table 2 shows the biochemical analysis 

with variation coefficients used in paper I-III. 

3.6 Questionnaires 

Extensive information on patients was collected through self-administered 

questionnaires. Information on medication, hypertension, diabetes, smoking, previously 

experienced myocardial infarction, physical activity, energy- and alcohol intake was 

used. 

The questions about physical activity during work and leisure-time are dividing the 

physical activity in four levels. These questions were constructed 30 years ago(257) and 

have been used in a large number of investigations(258-260). 

The food-questionnaire has been validated in obese as well as in non-obese(261) against 

estimated(261) as well as measured(260) 24-hour energy expenditure. 

3.7 Body composition 

Total body potassium 

Radiation from the naturally occurring isotope 40K was measured in a carefully shielded 

whole-body gamma counter with a precision of 2.5%(262). Since 40K constitutes a 

known fraction of all potassium, TBK can be estimated. Furthermore, as 99% of TBK is 

located intracellular^ and as the potassium content of FFM and LBM (i.e. the non-AT) 

has been estimated in both genders(6, 7, 263), it is possible to calculate the amount of 

FFM (kg) and LBM (kg) from TBK. 

CT-calibrated anthropometric equations 

LBM, SAT and VAT masses were estimated by using CT calibrated, sex specific, 

anthropometric equations(36, 264, 265). The equations are based on the recumbent 

sagittal abdominal diameter (D, cm), weight (W, kg) and height (H, m). The W/H ratio 

is the weight for height index being optimally related to total AT both in women(6) and 

in men(7). The sagittal diameter, measured as described above, is closer related to VAT 

than either waist circumference or WHR(36, 264). 
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Body -
LBM LBM 

Weight - Total AT SAT 

VAT 

Figure 3.1. The 3-Compartment body composition model used in this 
thesis. Body weight is measured. Total AT is obtained from weight/height 
and VAT from the sagittal diameter. Remaining compartments are 
calculated by difference. 

Estimation of total and visceral adipose tissue 

Males: Total AT, litres =1,36 x W/H -42,0 

VAT, litres =0,731 x D-11,5 

Females: Total AT, litres =1,61 x W/H -38,3 

VAT, litres =0,370 x D -4,85 

Conversion from adipose tissue volume to adipose tissue mass 

Both genders: AT, kg =AT, L x 0,923 

Calculation of subcutaneous adipose tissue mass and lean body mass 

Both genders: LBM, kg =W, kg -Total AT, kg 

SAT, kg =Total AT, kg -VAT, kg 
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The errors of LBM, VAT and SAT resulting from these equations are in the order of 7 

to 22%(36, 264) as compared to volume determinations by a multiscan CT technique (6, 

31,36). 

3.8 Statistics 

Statistical analysis were performed with Minitab Statistical Software 9.1 (Minitab Inc, 

State College, PA, US), Statistica for the Macintosh 4.1 (Statsoft Inc, Tulsa, OK, US), 

SAS Software 6.08 (SAS Institute Inc, Cary, NC, US) and Stata Statistical Software 6.0 

(StataCorp, College Station, TX, US). 

The Shapiro-Wilk test was used to evaluate whether variables were normally 

distributed. Non-normally distributed variables were log-transformed before analysis. 

Paired t-tests were used for within group comparisons. For comparisons of data between 

groups chi-square tests, two-sample t-tests and analysis of variance followed by Tukey's 

test were used. For comparison of changes in proportions between two groups a two-

sample McNemar test(266) was used. 

Pearson product moment correlation coefficients were used to evaluate univariate 

relations between variables. For relationships between several variables, multiple linear 

regression was used. As the two groups were matched on a group and not on an 

individual level unconditional logistic regression models were used for the comparisons 

of incidences between groups. Adjusted means were obtained according to the general 

linear model. 
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MAIN RESULTS 

4.1 Paper I 

Body compartments were closely related to risk factors in our severely obese subjects. 

By using the CT-calibrated anthropometric equations, a body composition - risk factor 

pattern was identified, within which VAT and SAT masses were positively related to 

risk factors while LBM showed negative relationships. In addition, a SAT distribution -

risk factor pattern was defined. Here neck and thigh circumferences were used as 

indices of the SAT distribution. SAT in the upper part of the body was positively related 

to cardiovascular risk factors, while the reverse was true for a lower body SAT 

distribution (fig. 4.1). This was true also when taking the estimated body compartments 

into account. Although age and sex were strongly related to risk factors, these 

associations were markedly reduced when including body compartments and the SAT 

distribution into the model. 

A Body Compartment - Risk Factor Pattern 

A Subcutaneous AT Distribution- Risk Factor Pattern 

] t t t 

Figure 4.1. Two risk factor patterns in the severely obese. 
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4.2 Paper II 

For the analysis of paper II, 401 controls and 441 surgically treated patients followed 

for 2 years were pooled in order to create a range of weight changes as wide as possible. 

Change in body weight was related to change in body composition in the obese. VAT 

expressed in percent of total AT changed 6 times more in men than in women, for a 

given change in BMI. 

No. No. 

-40 

-10 -80 

-15 

-25 -30 

TG 

INS 

SBP 

DBP 

URIC 

GLU 

-100 -40 -30 -20 -15 -10 -5 0 5 40 -100 -40 -30 -20 -15 -10 -5 0 5 40 

I Body weight changes, kg | 

Figure 4.2. Adjusted risk factor changes (%) in relation to bodyweight 
changes (kg) over two years in 842 men and women with obesity. 
Adjustments are made for initial risk factor value, initial body weight, sex, 
age and height. 

When examining univariate correlations between changes in risk factors and changes in 

anthropometric measurements; waist, BMI and body weight gave the highest explained 

variances in men. The same three variables gave the highest explained variances in 

women, but in reversed order. Several of the cross-sectional findings between risk 
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factors, body compartments and SAT distribution found in paper I (fig. 4.1) were 

confirmed longitudinally in paper II. 

Weight decreases of at least 5 to 10 kg over two years were required in order to see any 

clinically important changes in most cardiovascular risk factors (fig. 4.2). An exception, 

was total cholesterol that required weight losses in the order of 30 to 40 kg in order to 

achieve persistent improvements after two years. 

4.3 Paper III 

Hardly any weight change was observed (-0.5±8.9 kg) in 712 conventionally treated 

controls followed for 2 years. Among 767 surgically treated patients the average weight 

loss was 28±15 kg. 

a Controls 

* Surgery 

>>>S>x 
>>x^x 
>"^>x\ 

SSSS SNNsXv 

H^ertension Dabetes Hper INS Itper TG H'po f IX t̂ perCHL 

038 (.22,.65) 0.02 (.00,.16) 0.10 (.03,.28) 0.10 (.04,25) 028 (.16,.49) 1.24 (.84,1.8) 

Figure 4.3. Two-year unadjusted incidence of indicated conditions (bars). 
Below bars odds ratios (95% CI) adjusted for baseline values of age, sex, 
weight, smoking and matching values of perceived health. P0.001 except 
for hypercholesterolemia (NS). 

All risk factors were significantly more reduced in the surgically treated group as 

compared to controls. Furthermore, the 2-year incidence of hypertension, diabetes, 

hyperinsulinemia, hypertriglyceridemia, hypo HDL-cholesterolemia was much lower in 
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the surgically treated group. The diabetes incidence was reduced 30-fold, while the 

other risk factor incidences were reduced between 2.6 and 10 times (fig. 4.3). There was 

no difference in the development of hypercholesterolemia. 

Weight change over the first year was used to divide all individuals in three subgroups 

(see table 2 in paper III). When compared with subjects increasing their body weight on 

average by 4% (0-26% weight increase) over the first year, a weight decrease of 9% 

(19.9-0.1% weight loss) was sufficient to decrease the 2-year incidence of diabetes, 

hyperinsulinemia, hypertriglyceridemia and hypo-HDL-cholesterolemia. In order to 

detect a significant effect on the incidence of hypertension after 2 years an average 

weight reduction of 30% (56 to 20% weight loss) was required after one year. 

Concerning the incidence of hypercholesterolemia, no significant differences were 

obtained between the three categories of weight change. 

4.4 Paper IV 

After a follow-up of eight years 251 surgically treated patients were still 16±12 % 

below their inclusion body weight. The 232 conventionally treated patients followed for 

the same period had increased their body weight 1±11 % (fig. 4.4). 
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•1 0 1 2 3 4 5 6 7 8 
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Figure 4.4. Weight change (95%CI) in 232 obese controls and 251 
surgically treated obese patients from matching until end of year 8. 
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HYPERTENSION 

2 years 8 years 2 years 8 years 
p: 0.0012 0.0001 0.032 0.91 

E3 Controls • Surgery 

Figure 4.5. Two and eight-year unadjusted incidences of diabetes and 
hypertension among controls and surgically treated patients. 

In agreement with paper III, the 2-year incidence, of diabetes as well as hypertension 

was reduced in the surgically treated group as compared to controls (fig. 4.5). However, 

the initially reduced blood pressures in the surgically treated group started a relapse six 

months after inclusion leaving no significant difference in SBP between the groups after 

eight years (fig. 4.6). In the end of the study period, DBP was even higher in the 

surgically treated group as compared to the control group. This was also true after 

adjustments for sex, age, inclusion weight, inclusion blood pressure, blood pressure 

medication, smoking, alcohol intake, energy intake and physical activity during work 

and leisure (fig. 4.6). 

Consequently, the eight-year incidence of hypertension did not differ between controls 

and surgical intervention patients, whereas the 8-year incidence of diabetes was 5 times 

as high among controls as in the intervention group (fig. 4.5). 
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Figure 4.6. Development of adjusted SBP and DBP (95% CI) over 8 years 
in 232 obese controls and 251 surgically treated obese patients. 

4.5 Paper V 

The unexpected long-term development in blood pressure (fig. 4.6) was further 

investigated in 1031 controls and 1157 operated patients followed for an average of 5.5 

years (range: 3 to 10 years). 

By dividing these patients into five cohorts based on length of follow-up, it was possible 

to separate the effects of ageing from that of weight regain per unit of time. Among 

surgically treated patients, it was shown that the effect on final blood pressure exerted 
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by one year of ageing was 2.5 to 4 times as large as the effect of one regained kilo 

during the last year of observation. Furthermore, one regained kilo during the last year 

of observation had about twice as large an impact on final blood pressure as an initial 

one kilo difference in body weight ,or as one kilo lost during the first year's rapid 

weight decrease. 

Further analyses of the development of different pressures in the specific treatment 

groups were made. Despite relapsing blood pressures in the surgical intervention group, 

bariatric surgery still had a modulating effect on the rapid increase in PP seen in the 

obese (table 3). There were, however, large differences in blood pressure and PP 

response to different surgical techniques. 

Table 3. Adjusted delta pressures (95% CI) by treatment assignment.  

Treatment groups A PP A SBP A DBP 

Controls, n:1026 4.7 (3.9, 5.6) 1.6 (0.6, 2.7) -3.2 (-3.8, -2.5) 

VBG, n:829 3.7 (2.8, 4.6) 2.7(1.6,3.9) -1.0 (-1.7,-0.3)1" 
GB, n:255 1.4 (-0.2, 2.9)t -0.3 (-2.4, 1.8) -1.7 (-2.9, -0.5)* 

GBP, n:68 -1.5 (-4.6, 1.6)f -8.3 (-12.3, -4.4)f -6.7 (-9.0, -4.3)* 

Surgery, n:1152 2.9 (2.1, 3.7)* 1.4 (0.4, 2.4) -1.5 (-2.1, -0.9)t 

Values are mean changes from inclusion to last observation (95% CI). Adjustments are 

made for sex, follow-up time, inclusion: age, weight, height and BP, and to values at the 

last observation of: smoking (yes/no), alcohol intake (g/day), BP-medication (yes/no). 

Difference to controls: * p<0.05, f p<0.001. VBG, vertical banded gastroplasty; GB, 

gastric banding; GBP, gastric bypass. 
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DISCUSSION 

5.1 Body composition 

Evolution of estimates 

The terms upper body and abdominal obesity are often used in a poorly defined manner. 

Different authors are using these terms for increased VAT, increased abdominal SAT, 

increased trunk SAT or increased SAT in the scapular and /or arm regions or for 

different combinations of these increases. Upper body obesity or abdominal obesity has 

also been defined as an increased WHR, but this condition has been differently 

interpreted over the years. Originally, WHR was used in order to relate the metabolicly 

active abdominal SAT to adverse cardiovascular risk profiles(24, 25, 267). As interest 

turned towards VAT(40, 268) the assumed implication of an increased WHR turn from 

abdominal SAT with an intermediate metabolic turnover rate to the highly active intra

abdominal fat depot. 

In order to evaluate the effects of a rather undefined regional adiposity apart from the 

effects of total adiposity, WHR have been adjusted for BMI(34). This kind of 

epidemiological studies(34,44) are important to relate cardiovascular risk to measurable 

anthropometric variables. However, they do not bestow any biological understanding of 

which AT depots that are important in generating cardiovascular risk factors. 

In the model presented in paper I, we have combined the notion of upper and lower 

body SAT distribution of Vague with the more recent notion of VAT. In contrast to 

earlier epidemiological approaches, the new techniques permit estimations of the 

quantities of SAT, VAT and LBM in kilograms. Papers I and II have shown that all 

three body compartments and the SAT distribution independently contribute to the 

metabolic risk factor profile, both cross-sectionally and longitudinally. It must be 

emphasised that weight, height and sagittal diameter, from which the three estimates of 

body compartments are derived, give the same explained variances as LBM, SAT and 

VAT when used in multivariate regressions with any risk factor as dependent variable. 

However, it seems useful to translate anthropometric measurements into body 

compartments, since this helps to interpret the biological relationships between body 

composition and risk factors. The translation is based on mathematical relationships 
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between anthropometric variables and CT-determined body compartments established 

in other and independent studies. 

Importance and pathogenetic links 

In epidemiological studies, weight loss is usually associated with increased mortality 

rate(213). In a recent study on weight change and mortality(222), Allison et al. used 

skinfolds as a rough assessment of body fat. While weight loss increased mortality rate, 

fat loss decreased mortality. Of course, Allison's results or those of papers I and II 

would have had a much higher resolution if undertaken with CT, MRI, DEXA, neutron 

activation or other advanced body composition techniques. However such techniques 

are expensive and time consuming and therefore not possible to use in a number of 

settings. Thus, interpretable anthropometry may have an important function to fulfil 

and papers I and II have made use of such a technique. 

Several studies have demonstrated that risk factors are closer related to VAT than SAT 

in study groups consisting of lean to moderately obese individuals(269). Paper I and II 

have demonstrated similar relationships between body composition and risk factors in 

severely obese patients. In fact, papers I and II are the first to demonstrate the 

importance of fat patterning cross-sectionally and longitudinally in the BMI range 28-68 

kg/m2 for a large number of subjects. Most risk factors were related to AT distribution 

even in men (36.9-63.8 kg/m2) and women (40.1-68 kg/m2) above median BMI values. 

The associations between AT distribution and metabolic aberrations may be explained 

by common background factors causing metabolic aberrations as well as a given AT 

distribution(50), but also by a pathogenic role per se of VAT and of SAT located in the 

upper parts of the body. Although the total FFA release from VAT is less than that from 

SAT(99, 100), the first passage effect of FFA originating from the portal system may 

give VAT a disproportional high influence on hepatic insulin clearance(40). 

Furthermore, the FFA release per kg is larger from SAT in the upper than in the lower 

part of the body as measured in vivo(lOO). This is in analogy with the finding, that risk 

factors are inversely related to neck and thigh circumferences, when the masses of SAT 

and VAT are taken into account. Taken together, this indicates that the SAT distribution 

also has an impact on insulin clearance and peripheral insulin resistance via the FFA 

mechanism. This suggestion helps to explain why subcutaneous skinfolds from the 

upper part of the body are related to the incidence of coronary heart disease(130) as well 
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as all-cause mortality(222), in spite of the fact that these skinfolds apparently must be 

poorly related to the VAT mass. 

Validity of the used technique 

Our observations assume that it is possible to estimate LBM, SAT and VAT from 

weight, height and the sagittal trunk diameter and also that the neck and thigh 

circumferences reflect upper and lower SAT distribution, respectively. 

With the CT based multicompartment technique based on 22 or 28 scans VAT, SAT 

and LBM can be determined with precision errors being smaller than 1%(6, 31, 35, 

265). The accuracy of the CT technique has been examined in various ways. In the 13-

compartment model based on 28 scans, each compartment volume was multiplied with 

its density to obtain estimates of compartment weights. The sum of these weights 

constituted a CT estimate of body weight (BWCT). The difference between BWCT and 

actually measured body weight (BW) was 0.024 ± 0.65 kg and the error calculated on 

the squared differences was 0.6 kg or 0.85% of body weight(31). Furthermore, the slope 

was close to 1.0 and the intercept close to zero when BWCTwas regressed by BW and a 

Bland-Altmann analysis did not support that BWCTwas biased by BW(31). This type of 

validation does not exclude the possibility that hidden errors in the determination of 

compartment weights are balancing out each other. The likelihood for hidden errors has 

been considerably reduced since changes in body weight agree closely with net changes 

of body compartments both when fat and lean tissues are changing concordantly and 

disconcordantly(270-272). Thus, the reference method used for development of the 

anthropometric equations fulfils high requirements. 

The CT calibrated, sex specific, anthropometric equations in our model were originally 

based on a group of 17 men and 10 women with a wide range of body weights (46-145 

kg). The equations were cross-validated in a similar group of 7 men and 9 women(264). 

Linear conditions were observed up to 145 kg and only 3.5% of the patients examined 

in papers I and II were above 145 kg. With available CT scanners, this limitation is 

inevitable since subjects heavier than 145 kg can not usually be examined. The error, 

calculated as the standard error of a single determination(273), is less than 21% for 

VAT and less than 11% for total AT(264) when results obtained by the anthropometric 

equations are compared with those of the multiscan CT-technique. Later, the 

relationship between sagittal diameter and VAT volumes was validated in another group 

of 13 males(265) resulting in smaller errors than in the original paper(264). The 
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equations have also been shown to be valid for healthy males of Indian origin(274). The 

sagittal diameter overestimated VAT in men and women with acromegaly, a condition 

characterised by a dramatic increase of LBM and marked reductions of VAT and 

SAT(36). One year after treatment of the acromegalic patients, the anthropometric 

equations were valid again(36). 

In our studies, the sagittal diameter has always been superior to the waist circumference 

in predicting VAT(36). This has not been the case in all study groups examined by 

others(275, 276). However, studies finding the waist circumference superior to the 

sagittal diameter in predicting VAT have used area determinations of single CT or MR! 

scans rather than volume determinations from multiple scans. Results from single scans 

can be very misleading, since the distribution of VAT has a large inter-individual 

variation(36). In fact, the VAT area of one CT scan is only marginally better than the 

sagittal diameter in predicting the VAT volume determined with multiscan 

technique(36). Therefore, the VAT area of single scans is a sub-optimal standard when 

developing anthropometric equations. 

With the multiscan CT-technique it has also been confirmed that the anthropometric 

equations for males estimate changes in VAT and total AT correctly(277). 

Corresponding evaluations for females have not been published by the Gothenburg 

group. Other investigators have confirmed the advantages of sagittal diameter in 

detecting changes in VAT in men but not in women(275) and that WHR(278) and waist 

circumference(279) have a poor ability of detecting changes in VAT. 

Furthermore, the body composition model in paper I and II assumes that neck and thigh 

circumferences reflect the SAT distribution. In multivariate regressions, these 

circumferences were much closer related to the estimated SAT mass than to the 

estimated LBM. These statistical findings indicate, that muscles and skeleton have a 

limited influence on the neck and thigh circumferences as compared to SAT, in an 

obese population. This was an expected finding since AT can vary in volume several 

fold more than any other tissue. Thus, when the SAT mass is taken into account 

statistically (as in all regressions of risk factors in paper I and II) it is likely that the neck 

and thigh circumferences reflect the SAT distribution. Even if SAT (obtained from 

weight, height and the sagittal diameter) is adjusted for, it can not be excluded that the 

neck circumference also reflects general obesity to some extent. However, this can 
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hardly be the case for thigh circumference, since thigh is negatively related to risk 

factors when SAT and neck are taken into account. 

In simple and multivariate regressions, the neck and thigh circumferences were also 

related to VAT. These relations must be indirect since no VAT is present in the neck 

and thigh regions. Interestingly, treatment studies of patients with Cushing's 

disease(27Q) and with growth hormone deficiency(271) indicate that the volumes of 

neck AT and VAT, determined with multiscan CT-technique, are changing in parallel. 

This may be due to regulatory mechanisms in common for the two tissues. 

Risk factors, anthropometry, gender and age 

Two gender differences of potential interest were observed in paper I. Firstly, thigh 

circumference and VAT mass were positively related in men but negatively related in 

women when the SAT mass was kept constant. Thus, SAT mass in the lower part of the 

body and the VAT mass seem to be inversely regulated in women. Secondly, 

triglycerides tended to be or were negatively related to age in obese males. This relation 

was observed when body composition was kept constant. In obese females, however, 

triglycerides were positively related to age, a finding that was explained by body 

composition. These findings seem to be in accordance with the idea that triglycerides is 

a more important risk factor in women than in men(30). 

It has also been demonstrated in randomly selected men and women that gender loses its 

explanatory power with respect to the incidence of myocardial infarction when the 

WHR is taken into account(30). This observation suggests that incidence differences 

between sexes may partly be explained by differences in AT distribution. The findings 

in paper I extend the previous observations(30) and demonstrate that body 

compartments estimated by CT calibrated anthropometry are even more efficient than 

the WHR in eliminating the explanatory power of sex when analysing risk factors in 

study groups containing both genders. 

Within each gender, the three estimated body compartments plus neck and thigh 

reduced the explanatory power of age for some but not for all risk factors while the 

explanatory power of age seemed to be less markedly reduced by BMI plus WHR 

(paper I). Although not totally consistent, these findings are in line with the fact that in 

both genders age was positively related to the VAT mass and negatively to the thigh 
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circumference(paper I). CT based studies have confirmed an increased amount of VAT 

with age(280, 281). 

The findings discussed above indicate that our anthropometric model plus neck and 

thigh girths reflect the effects of age and gender on body composition more efficiently 

than traditional anthropometric variables. This is further supported by the fact that our 

model also explained the variance of all examined risk factors more efficiently than 

BMI, waist and hip (paper I). 

Weight loss and changes in anthropometry 

In paper II, strong positive correlations between changes in BMI and changes in both 

waist circumference and sagittal diameter were observed. The changes for a given 

change in BMI seemed to be larger in men than in women. In both genders, changes in 

WHR displayed weaker associations with weight change, reflecting an independent 

variability in the hip-circumference in response to weight change, particularly in 

women. Neither sagittal diameter, waist or WHR as such reflects the true change in 

relative amount of V AT in men or women. This is related to the facts that women have 

more SAT and that a given change in sagittal diameter corresponds to twice as large a 

change of VAT mass in men as in women. When taking these circumstances into 

account it was demonstrated that the relative amount of VAT (i.e. VAT mass in percent 

of total AT mass) was changing 6 times more in men than in women for a given change 

in BMI. 

After an 18% weight reduction both men and women seemed to have a larger relative 

decrease in VAT mass (41 and 31%, respectively) than in SAT mass (28 and 26%, 

respectively). A larger relative decrease in VAT after weight loss has been confirmed by 

others in smaller studies where VAT has been measured by CT or MRI(224, 278). 

There were also gender differences with significantly larger relative reductions of VAT 

mass and LBM in men as compared to women after the same degree of weight loss 

(Paper II). Most(224) but not all(282) CT studies confirm a larger proportional loss of 

VAT in men than in women. This difference was also confirmed in a recent meta

analysis by Smith and Zachwieja(283). They reviewed 23 studies that had assessed the 

effects of weight change on body composition as measured by direct methods. They 

found that individuals with a larger VAT/abdominal SAT ratio tended to lose more 

VAT than persons with less VAT. Considerable overlap was seen between men and 
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women. This might suggest that the relative amount of VAT loss is not due to gender 

per se, but is rather related to the initial AT distribution. 

5.2 Risk changes in relation to weight changes 

Changes in risk factors and anthropometry 

Univariate correlations between changes in single anthropometric variables and changes 

in cardiovascular risk factor were strongest for waist, BMI and body weight. In males, 

A waist and A BMI were closest related to risk factor changes, while in women, A body 

weight and A BMI seemed to be closer related to risk factor changes than A w aist. 

Change in sagittal diameter was less related to risk factor changes in both men and 

women. 

Multivariate analyses with adjustments for A BMI and baseline conditions clarified 

these univariate results further. A BMI was the strongest predictor, followed by A VAT 

or A sagittal diameter. In contrast, A waist and A WHR performed poorly when adjusted 

for change in BMI. As compared to A sag ittal diameter, A V AT seemed to be even 

closer related to changes in risk factors. This further illustrates the potential of using 

body compartments estimated by sex specific equations rather than raw anthropometric 

measurements, when analysing study groups containing both men and women. 

In the light of the poor longitudinal performance of waist, when adjusted for BMI, it 

may seem strange that population specific risk limits of waist circumference are 

currently being put forward(4) (see 1.3). However, the above mentioned results 

illustrate the dual relationships of waist. While change in waist circumference alone is 

closely correlated to changes in risk factors, it loses predictive power when adjusted for 

change in BMI. This may be related to the fact that waist is closer associated with BMI 

and SAT than with VAT(36), and to the fact that changes in several risk factors may be 

even closer related to changes in SAT than to changes in VAT as demonstrated in paper 

II. Only changes in insulin and TG were closer related to changes in VAT as compared 

to SAT. 

Therefore, in spite of the fact that sagittal diameter is the optimal predictor of VAT 

volume(36), waist as a single predictor may be equally good or better as a risk factor 

indicator, both under cross-sectional and longitudinal conditions. 
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Risk factors and weight loss 

Our results generally showed proportionally increasing cardiovascular risk factor 

benefits with increasing weight reduction (paper II and III). It is interesting to note that 

the small amounts of weight loss (5 to 10 kg) generally considered to reduce risk factors 

in moderately obese subjects(211, 212, 226) also decreased most risk factors after two 

years in the severely obese subjects of paper II. This may be due to the relatively larger 

loss of VAT as compared to SAT for a given weight reduction, as discussed above. 

However, not all risk factors responded to small weight losses. Total cholesterol 

required weight losses of more than 30 kg before any noticeable improvement could be 

observed after two years (Paper II). This is reflected in paper III, where no difference in 

the 2-year incidence of hypercholesterolemia was observed in individuals who had lost 

30% after one year as compared to those who had gained 4%. For diabetes, 

hyperinsulinemia, hypertriglyceridemia and hypo-HDL-cholesterolemia a decrease of 

9% after one year gave significant reductions in the two-year incidences. Concerning 

hypertension, a significantly reduced two-year incidence was observed after a weight 

loss of 30% (Paper III). 

140 

120 

I 100 
a 
£ 80 S+H 

^ 40 

20 

0 
-39 -29 -23 -18 -12 -7 -2 1 4 10 

Percent weight change 

Figure 5.1. Two-year incidence of diabetes by decentiles of percent weight 
change in the pooled control and surgically treated g roups. Data based on 
1281 individuals not having diabetes at baseline. Striped bars indicate new 
cases of diabetes. Numbers at the top of bars indicate the percentage with 
diabetes after two years in that decentile. Not previously published. 
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Unfortunately, the statistical power did not permit divisions in more than three weight 

changing classes, resulting in a small resolution. Division of the 2-year weight loss by 

decentiles gives a more detailed, visual impression of the critical cut-off in weight loss, 

as illustrated for the incidence of diabetes in figure 5.1. Due to small numbers in each 

weight loss decentile, the incidence figures are somewhat unstable between adjacent 

groups. However, figure 5.1 suggests that no new cases of diabetes were seen if the 

weight loss was larger than 7% over two years. 

At eight years, a 16% weight loss had no effect on the incidence of hypertension in spite 

of a marked effect on the diabetes incidence. In a recent investigation conducted by 

Wadden(225), total and LDL cholesterol started to relapse after 24 weeks while TG 

even decreased further. Similar results were obtained in an orlistate trial(226). 

Taken together, these observations illustrate that degree of weight loss, observation time 

as well as risk factor under consideration determine whether a risk factor relapse will be 

observed or not. 

Weight loss and long-term effects on blood pressure 

In our eight-year follow-up (paper IV), we found reduced two-year incidences for 

hypertension and diabetes in surgically treated patients as compared to controls. 

However, at 8 years there was no difference in the incidence of hypertension, although 

the incidence of diabetes was five times higher in controls than in surgically treated 

patients. 

These long-term results are not in agreement with earlier controlled studies with a 

shorter follow-up indicating effect of weight loss on blood pressure in hypertensive as 

well as normotensive subjects(209). Where other investigators have concluded that even 

small (2-3 kg) net weight losses might be beneficial for the control of 

hypertension(284), paper IV shows that over a long period not even a maintained 16% 

weight loss is sufficient to achieve a reduction of the 8-year incidence in the severely 

obese. These new findings are also in conflict with previous, uncontrolled surgical 

obesity studies with shorter follow-up indicating a favourable effect on 

hypertension(285, 286). A regain of blood pressure after weight loss has been shown 

also in other studies. However, the follow-up periods have usually been too short to 

allow a complete relapse(226, 285, 287, 288). 
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Blood pressure reductions after weight loss have been associated with improvements of 

insulin resistance and suppression of sympathetic nervous activity(289). Many studies 

have proposed insulin as a sympathetic activator(290) and as a link between diabetes 

and hypertension(140). Given the divergent effects of weight reduction on diabetes and 

hypertension, insulin does not seem to be the only mediator of hypertension or 

sympathetic nervous system hyperactivity seen in the obese. This observation is 

supported by a recent cross-sectional observation, that central obesity as measured with 

the sagittal diameter is independently related to blood pressure, and that insulin may 

account for only a part of this association(291). 

Blood pressure relapse 

Paper V visualises the independent effects of time (ageing) and weight regain on blood 

pressure. This was possible by using cohorts of patients with different length of follow-

up. 

The final blood pressure in the operated population was not equally related to an earlier 

lost and a later regained amount of weight. In fact, a given weight regain in the later 

parts of the study had almost twice as large an impact on final blood pressure as a 

corresponding difference in inclusion weight or the same degree of weight loss in the 

beginning of the study. These results are in agreement with an observational study 

showing that ongoing weight increase is of greater importance for current blood 

pressure than baseline body weight(292). Furthermore, Dornfeld has shown that blood 

pressure levels are higher during weight increase than during weight decrease when 

passing the same absolute weight(288). This may be related to a higher SNS activity 

during weight increase than during weight loss(293). 

Paper V also shows that the effect on blood pressure of one elapsed year was 2.5 to 4 

times larger than the effect of one regained kilo. This is an important point, which 

previous blood pressure studies have not taken into account. While the effect of time on 

SBP was the same among controls as in the surgically treated group, no significant 

association between follow-up time and DBP was found in the control group. This was 

related to a slope closer to zero for DBP vs. t ime in the obese controls than for other 

pressure changes observed in this study. 
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Pulse pressure development and risk 

Despite several reports about the hazards of isolated systolic hypertension in middle-

aged and older persons(294, 295), increased diastolic blood pressure was regarded as 

the main threat for a long time. SBP elevation out of proportion to DBP is common. If 

using the latest JNC-VI staging of hypertension on a middle-aged population, 

potentially eligible for drug therapy, SBP alone correctly classifies JNC-VI stage in 

91%, whereas DBP alone correctly classifies only 22% of the individuals(296). 

Whereas SBP increases almost linearly with age until a high age, DBP reaches a peak in 

the late 50s and then declines(295, 297). 

Results from the Seven countries study show a clear association between increased DBP 

and mortality from CHD in men aged 40 to 59 years(298). The same observation was 

true in men and women aged 50 to 79 years in the Framingham study(299). However, in 

the Framingham study, when adjusting for SBP the relationship between CHD and DBP 

became significantly negative(299). Lee and co-workers showed no relationship at all 

between DBP and cardiovascular death in men aged 60-85. Nevertheless, when 

adjusting for SBP the association between DBP and mortality became negative(300). 

Ageing and hypertension are both associated with reductions in arterial compliance, 

leading to an increased arterial pulse wave amplitude and velocity, with an early return 

of reflected waves to the aorta(301). These aberrations are ensued by increased SBP, 

decreased DBP and, evidently, an increased pulse pressure. Pulse pressure has appeared 

as an independent predictor of coronary heart disease(299), carotid stenosis(302), 

cardiovascular mortality(300, 303) as well as stroke and all-cause mortality(304). 

The increase in pulse pressure is seen as a consequence of an increasing arterial 

stiffness(305) and has been associated with an increased intima-media thickness(306). 

In an earlier SOS-report it was shown that the progression rate of the intima-media 

thickness in the carotid bulb of obese weight stable subjects is three times faster than in 

age-matched lean controls(307). It was also shown that the surgically induced weight 

reduction normalised this progression rate(307). These observations are in line with our 

finding that a maintained large weight reduction slows the rapid increase in pulse 

pressure seen in weight stable severely obese subjects (paper V). 

There were discrepancies concerning the effect on pulse pressure between the different 

surgical techniques. VBG had a less pronounced effect on pulse pressure as compared to 
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GB and GBP. The reasons for this have not been clarified as GB and VBG resulted in 

similar weight losses. If this is a chance finding or an observation related to different 

effects of GB and VBG on gastrointestinal signalling is an open question. The most 

favourable response in blood pressure and pulse pressure was seen in GBP patients. 

GBP is associated with increased releases of GLP-1 after meals, and GLP-1 has weight 

reducing as well as anti-diabetic properties(247). 
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CONCLUSIONS 

A previously developed procedure for interpretable anthropometry giving VAT, SAT 

and LBM from weight, height and sagittal diameter was used in papers I and II. Neck 

and thigh circumferences were added to this procedure as indices of SAT distribution. 

One body compartment - risk factor pattern and one SAT distribution - risk factor 

pattern were demonstrated in obese subjects. Within the first pattern, cardiovascular risk 

factors are positively related to the SAT and VAT masses but negatively related to 

LBM. Within the second pattern risks are positively related to an upper body but 

negatively related to a lower body SAT distribution. 

Changes in cardiovascular risk factors were independently related to changes in SAT 

and VAT. The relative change in VAT was larger in men than in women. Changes in 

risk factors were reflected to a similar degree by unadjusted changes in waist 

circumference, BMI and body weight. Weight losses of 10 kg over two years resulted in 

improvements in most risk factors. 

The two-year incidence of hypertension, diabetes, hyperinsulinemia, 

hypertriglyceridemia and hypo HDL-cholesterolemia was markedly reduced in the 

surgically treated group as compared to weight stable controls. The diabetes incidence 

was reduced 30-fold, while the other risk factor incidences were reduced between 2.6 

and 10 times. There was no difference in the development of hypercholesterolemia 

between the two groups. 

A differentiated risk factor response was identified concerning the eight-year incidences 

of diabetes and hypertension. Whereas diabetes is favourably influenced by an 

intentionally reduced body weight, the effect on hypertension seems to be of a transitory 

nature. No difference in the eight-year incidence was detected despite a maintained 

16% weight reduction in the surgically treated group. 

The relapse in blood pressure seen after surgically induced large weight losses in still 

obese subjects is more related to ageing and recent small weight increases than to 

inclusion weight or initial weight losses. 
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Weight-reducing gastric surgery slows the rise in pulse pressure seen in weight stable 

obese controls. This may indicate that weight loss could reduce the elevated progression 

rate of the atherosclerotic process observed in obese subjects. 
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